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1. INTRODUCTION

In 1995, the National Marine Fisheries Service (NOAA Fisheries) announced that it
would initiate a series of coastwide status reviews of anadromous salmonids in the states of
Washington, Idaho, Oregon, and California. These status reviews resulted in the listing of several
evolutionarily significant units (ESUs) of salmonids as threatened or endangered under the U.S.
Endangered Species Act (ESA). Listed ESUs were organized into geographically proximate
units, called recovery domains, as part of a multispecies approach that could address common
regional recovery issues. This report focuses on the Willamette/Lower Columbia (WLC) domain.

The WLC domain contains five listed ESUs and one candidate ESU:

= Columbia River chum salmon (listed as threatened, 1999),

» Lower Columbia River steelhead (listed as threatened 1998),'

=  Lower Columbia River chinook salmon (listed as threatened 1999),
»  Upper Willamette River steelhead (listed as threatened 1999),'

=  Upper Willamette River chinook salmon (listed as threatened 1999),
= Lower Columbia River coho salmon (candidate species 1997).

To obtain advice on technical issues related to recovery planning, NOAA Fisheries convened
technical recovery teams (TRTs) in each recovery domain. The TRTs are composed of scientists
from NOAA Fisheries; other federal, tribal, state and local agencies; academic institutions; and
private consulting firms. A complete description of the TRT composition, tasks, relationship to
ESA recovery planning, and operating principles can be found in the NMFS document Recovery
Planning Guidance for Technical Recovery Teams (TRTs) (http://research.nwfsc.noaa.gov/cbd/
trt/about.htm). The Willamette/Lower Columbia Technical Recovery Team (WLC-TRT) was
established in May 2000. One of its first tasks was to provide technical information to support
the development of delisting criteria. This report is a response to that task. The main text of this
report is a consensus product of the TRT. The report contains a number of appendices in support
of the main text, which are not TRT consensus products. The appendix authors are identified at
the beginning of each appendix. Most of the appendices include individual TRT members as
authors; the appendices were produced in coordination with and in support of the TRT.

Under the ESA, NOAA Fisheries must identify measurable and objective delisting
criteria as part of recovery planning. The delisting criteria must describe the conditions under
which a listed species or ESU is no longer in danger of extinction (endangered) or likely to
become so in the foreseeable future (threatened). We define a viable ESU as one that is unlikely
to be at risk of extinction. Ultimately, the crafting of delisting criteria requires the consideration
of technical analyses relating to viability, which are contained in this document, and policy
decisions such as acceptable levels of risk, which are not. This document presents the WLC-
TRT’s viability criteria guidelines. As with any scientific conclusions, it is anticipated that the
recommendations in this document may be revised in the future based on new data or analysis. In

' Both anadromous forms of Oncorhynchus mykiss (steelhead trout) and resident forms O. mykiss (rainbow trout)
often occur in the same river systems. The genetic and demographic relationships among these two life history types
are poorly understood. In this document, we concentrate on criteria related to anadromous O. mykiss.


http://research.nwfsc.noaa.gov/cbd/trt/guidanc9.pdf
http://research.nwfsc.noaa.gov/cbd/trt/guidanc9.pdf
http://research.nwfsc.noaa.gov/cbd/trt/about.htm
http://research.nwfsc.noaa.gov/cbd/trt/about.htm
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addition, the criteria need to describe viability conditions in a way that is usable by managers,
thus revised viability criteria may be developed in the future in response to interaction with
managers developing recovery goals.

The listed unit under the ESA for Pacific salmon is the ESU, and this is the unit that must
be considered for delisting. Thus, delisting criteria must ultimately address the overall extinction
risk of the ESU. In approaching the development of criteria for delisting ESUs we have relied on
the language in the ESA, information described in the listing decision, concepts outlined in a
report on viable salmonid populations (VSPs) by McElhany et al. (2000), which can be found
online at http://www.nwfsc.noaa.gov/pubs/tm/tm42/tm42.pdf; and in published research
describing salmon populations and their past or potential responses to changes in climate and
ocean conditions (e.g., Bradford and Irving 2000).

The ESA lists five potential factors for decline that must be considered in species listing
decisions (ESA Section 4.2.1):

1. the present or threatened destruction, modification, or curtailment of its habitat or
range;

overutilization for commercial, recreational, scientific, or educational purposes;
disease or predation;

the inadequacy of existing regulatory mechanisms;

A

other natural or manmade factors affecting its continued existence.

The NMFS identified all five factors as contributing to the endangerment of Pacific salmonids.
In considering how viability criteria might inform population delisting requirements, the TRT
also considered all five factors for decline.

The TRT approach evaluates the extinction risks facing an ESU by assessing the viability
of the individual populations within that ESU. The TRT identified population-level viability
criteria based on:

1. acombination of the four population parameters identified in the VSP document—
productivity, abundance, spatial structure, and diversity;

2. information about the habitat requirements of the listed salmon; and

the need to separate population responses to freshwater and estuarine habitat
conditions from population responses to fluctuating marine and climatic conditions.

Building from these population-level criteria, the WLC-TRT developed the ESU criteria
framework in Figure 1.1.

The approach depends first on identifying historical, demographically independent
populations within each ESU. Population identification focuses on demographically independent
units because many of the processes affecting extinction risk operate on this scale. (This concept
is discussed in more detail in McElhany et al. 2002) A draft WLC-TRT document (Myers et al.
2002) estimates historical population boundaries for all five listed ESUs in the WLC domain.
The populations identified in Myers et al. are used in this report.

The overall approach we have taken to establishing ESU viability criteria is outlined in
Figure 1.1. In Section 2, we develop the ESU-level viability criteria by first dividing the ESU
into groups of populations called strata. The strata are based on major life-history characteristics
(e.g., spring versus fall chinook) and ecological zones. The ecological zones are relatively large


http://www.nwfsc.noaa.gov/pubs/tm/tm42/tm42.pdf
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scale, with the Lower Columbia being divided into three ecological zones and the Willamette
consisting of a single ecological zone. The strata represent major diversity components of the
ESUs, and populations in the different strata are likely to be subject to different catastrophic
events. Therefore, it is important for ESU viability to ensure a reasonably high probability of
persistence for each stratum, so the ESU-level viability criteria are crafted as a function of the
persistence probability of each stratum. The persistence probability of each stratum is in turn a
function of the viability of its component populations, and in Section 2 we develop an algorithm
for estimating how many and which populations need to have a given persistence probability in
each stratum.

This approach requires some way to assess the overall persistence probability of
individual populations. In assessing individual populations, the WLC-TRT developed guidelines
for criteria about five attributes:

1. adult productivity and abundance,

. juvenile outmigrant (JOM) growth rate,

2
3. within-population diversity,
4. habitat, and

5

within-population spatial structure.

In order for a population to be considered viable, it would have to meet the criteria for all
five attributes. There is necessarily some redundancy built into these criteria guidelines. In a
simple world, one criterion would suffice, but there are many potential scenarios in which any
four of the above criteria might lead to a false conclusion that a population’s extinction risk was
low enough for it to be considered viable. For example, in a scenario in which adult salmon
escapements are increased under favorable ocean conditions some criteria may be met (e.g., adult
productivity and abundance, within-population spatial structure, within-population diversity, and
habitat), yet JOM criteria would indicate that actual freshwater production was not yet high
enough to delist. Alternatively, habitat criteria might not be met when all four fish performance
criteria are met, indicating that populations were in a period of favorable ocean and climatic
conditions, but that freshwater and estuarine habitats were not yet of sufficient quality to support
the population during less favorable ocean and climate conditions.

In Section 3, we propose several approaches for integrating each individual attribute into
an overall assessment of population persistence probability. In Sections 4 through 8, we describe
criteria associated with each individual population attribute.

This report does not describe what actions need to be taken to restore salmonid ESUs. It
is limited to describing measurable and objective attributes of VSPs and ESUs. For example,
some reasons that ESA-listed salmonid populations may be threatened with extinction include
the following:

= Density-independent survival is too low for populations to replace themselves.

= The carrying capacity of the population is low enough for density-dependent
processes to keep the population at critically low abundance.
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ESU Criteria
(Section 2)

Historical template
Catastrophe risk
Metapopulation dynamics
Evolutionary potential
Recovery strategies

T

Strata Criteria
(Section 2)

* How many populations
* Core populations

* Genetic legacy

¢ Catastrophe risk

T

Population Persistence Probabilities
(Section 3)

* Integration of population attributes

Population Criteria

Adult productivity and abundance (Section 4)
¢ Juvenile outmigrant productivity (Section 5)

¢ Within-population spatial structure (Section 6)
* Within-population diversity (Section 7)
Habitat (Section 8)

Figure 1.1 Approach to ESU criteria. The bullets list key considerations involved in each criterion.
The section numbers refer to the section of this document that addresses each issue.
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= The population is subject to extinction from catastrophic events.
= The population is experiencing genetic degradation.
= The habitat is experiencing progressive degradation.

We considered each factor but worked to develop criteria that could define viable
populations and ESUs without regard to which factors are causing a population to be at risk. We
did not attempt to determine the primary risk factor currently acting on any particular population
or ESU.

The extinction risk factors can be subdivided into specific factors that have led to
population and ESU decline. For example, if a population is at risk because density-independent
survival is too low, the proximate cause may be poor water quality, excessive harvest, high
hydrosystem passage mortality, or predation by exotic species, to name a few possibilities. In
general, the salmon viability criteria do not attempt to partition the sources of mortality. For
example, adult productivity and abundance criteria examine the spawning population after the
fish have experienced all sources of mortality. If a population is currently at risk of extinction
because survival is too low, the criteria allow us to evaluate whether survival has improved;
however, the criteria do not presuppose what needs to be fixed to improve survival. In this
respect, the productivity and abundance criteria may be referred to as “mortality-source neutral.”
To address a specific factor of concern, the criteria may be considered “harvest neutral” in that
the criteria do not stipulate a specific harvest level. In combined consideration of all mortality
sources, any harvest strategy that allows the criteria to be achieved would be considered possible
in order to achieve a viable status.

Although the salmon attribute criteria are not intended to identify specific actions
required for recovery, the ability to achieve different criteria will clearly be affected differently
by different potential factors for decline. For example, the spatial structure and diversity criteria
within a population are heavily affected by habitat structure, and the criteria described below
reflect this fact. Again, the criteria do not specifically address what factors need to be addressed
in any particular population.

Some of the population attribute criteria described in this report—notably the spatial
structure, diversity, and habitat criteria—will require additional analysis at finer spatial scales
than have been undertaken by the WLC-TRT so far. The criteria on these topics in this report
essentially amount to guidelines; population-specific criteria will need to be developed so that
concrete goals can be established.



2. ESU-LEVEL VIABILITY

ESU-LEVEL CRITERIA GUIDELINES

1. Every stratum (life history and ecological zone combination) that historically existed should have a
high probability of persistence.

STRATA CRITERIA GUIDELINES

1. Individual populations within a stratum should have persistence probabilities consistent with a high
probability of strata persistence.

2. Within a stratum, the populations restored/maintained at viable status or above should be selected
to:

a. Allow for normative metapopulation processes, including the viability of “core” populations,
which are defined as the historically most productive populations.

b. Allow for normative evolutionary processes, including the retention of the genetic diversity
represented in relatively unmodified historical gene pools.

c. Minimize susceptibility to catastrophic events.

ESU-LEVEL RECOVERY STRATEGY CRITERIA GUIDELINES

1. Until all ESU viability criteria have been achieved, no population should be allowed to deteriorate
in its probability of persistence.

2. High levels of recovery should be attempted in more populations than identified in the strata
viability criteria because not all attempts will be successful.

Overview

As the unit listed under the ESA, the ESU is also the unit that must be considered for
delisting. Part of the process for developing ESU delisting criteria involves describing the
biological attributes of a viable ESU, which is defined as one with a high probability of
persistence. The persistence probability is the complement of the extinction risk (i.e., persistence
probability = 1 — extinction probability), and both terms are used in this document. The ESU
viability criteria proposed in this report provide some flexibility in deciding which populations
need to be restored to what status. Finalization of a viable ESU scenario will require
policy/technical interaction.

To develop the viability criteria we applied the VSP approach outlined in McElhany et al.
(2000). The basic strategy is to identify historically independent populations, develop criteria
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describing viable independent populations (i.e., VSPs), then determine how many and which
populations need to be at a particular status relative to the VSP criteria for the ESU as a whole to
have an acceptably low extinction risk. Elsewhere in this document we describe the population-
level viability criteria for the attributes of productivity, abundance, juvenile outmigrants,
diversity, habitat, and spatial structure. In this section, we address the question of how many and
which populations need to be in what viability status.

Clearly the most precautionary approach—the one that would give the highest probability
of ESU persistence—would be for all historical populations to meet or exceed the viable
population criteria. However, several ESUs historically contained a relatively large number of
populations (Table 2.1) and it is possible that a subset of the historical populations can provide
an adequate probability of ESU persistence. For example, the Lower Columbia chinook ESU is
estimated to have consisted of 31 demographically independent populations. As supported by
intuition and simple probability modeling (below), the probability of extinction for an ESU with
30 of the 31 historical populations in viable condition is not likely to be much different than the
probability of extinction for a population with all 31 historical populations in a viable condition.
In either case, the probability is low. If we allow that not all historical populations need to be
viable for the ESU to be viable, we are confronted with the questions exactly how many are
needed and does it matter which ones.

McElhany et al. (2000) provides seven guidelines for determining how many and which
populations are needed for a viable ESU.

1. The ESU should contain multiple populations.

Some populations within the ESU should be geographically widespread.
Some populations should be geographically close to each other.
Populations should not all share the same catastrophic risk.

Populations that display diverse life histories and phenotypes should be maintained.

AN

Some populations should exceed VSP guidelines.
7. Evaluations should take into account uncertainty about the ESU-level process.

These guidelines are motivated primarily by concern about catastrophic risks, metapopulation
dynamics, and long-term evolutionary dynamics. If an ESU contained only a single population,
there is a possibility that it could be driven extinct by a single catastrophic event. This
necessitates multiple viable populations within a viable ESU. The risk of ESU extinction from

Table 2.1 Estimated number of historical demographically independent populations.

Historical
ESU Populations
Lower Columbia chinook 31
Lower Columbia steelhead 23
Columbia River chum 16
Upper Willamette chinook 7
Upper Willamette steelhead 4

Source: Myers et al. (2002)
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catastrophic events can be further reduced by careful consideration of which populations are
restored or maintained at viable status. Appendix K is an exploration of the spatial distribution
and frequencies of potential catastrophic events affecting Pacific salmonid populations in the
WLC. For reasons discussed in the appendix, it is difficult to predict catastrophic risks to salmon
populations, but several general conclusions relevant to setting viability criteria are possible.

= Extinction risk is reduced if viable populations are spatially distributed throughout the
ESU.

= Populations that utilize different types of environments experience different
catastrophic risks. Having populations in different environments reduces the
likelihood that a single catastrophic event would affect every population in an ESU.

= Because of the spatio-temporal patterns of catastrophic events, fish with different life
histories that share the same river basin may be affected differentially by the same
catastrophic event.

As discussed in the section on within-population diversity, genetic and life-history diversity
helps buffer a population from extinction. Different genotypes and life histories are likely to be
favored under different environmental conditions, and, as a consequence, diverse populations
have a higher probability of persistence. As at the population level, diversity at the ESU level can
increase the persistence probability of the ESU. If an ESU contains populations with different
genetic or life-history types, it is less likely to go extinct because not all populations would
respond to the environment in the same way. Conditions that cause one population to decrease in
abundance may not affect another population at all, or may actually cause it to increase. In fact,
this buffering effect can occur simply as a result of spatial diversity, in which different
populations respond differently to conditions as result of their spatial dispersal.

Restoring and maintaining populations with different genetic and life-history types is also
important for maintaining the evolutionary processes that are a part of any functioning biological
system. The environment will change in the future and the existence of genetic diversity is
essential if the ESU is to respond 